In a series of recent papers, Ivanov et al. and Oberhummer et al. have calculated the rate for the p + p ! d + e + + e reaction with a zero-range four-fermion e ective interaction and nd a result 2.9 times higher than the standard value calculated from non-relativistic potential theory. Their procedure is shown to give a wrong answer because their assumed interaction disagrees with low-energy pp scattering data. 
In a series of recent papers, Ivanov et al. 1] and Oberhummer et al. 2] have
calculated the rate for the p + p ! d + e + + e reaction with a simpli ed model for the deuteron, and nd a result 2.9 times higher than the current best estimate, which is generally believed to be uncertain by only a few percent 3, 4] . If correct, the Ivanov et al. result would have important implications for stellar-evolution theory and for solar-neutrino research, a fact that has been stressed in several recent articles by Oberhummer (1) where g NN is a pion-nucleon-nucleon coupling, and C(v) is the standard Gamow factor introduced in Eq. (1) on an ad hoc basis to partially describe the Coulomb repulsion, with v being the relative velocity in the two-proton system. At low energies, Eq. (1) gives rise to a delta-function potential between the two protons. This delta function has an e ective range p = 0, which is incorrect. We show below that this erroneous e ective range introduces an This \e ective-range approximation" makes no assumptions about the details of the nuclear interactions, except that they must yield the measured values for these quantities. The success of the e ective-range approximation relies on the fact that the matrix element for the reaction is proportional to the overlap of the initial pp wave function and the nal deuteron wave function and that most of the overlap comes from radii large compared with the range of the nuclear forces. The deuteron wave function is constrained by the measured static deuteron parameters, and the pp wave function is constrained by lowenergy pp-scattering data. The e ective-range approximation has been shown to agree to a few percent with numerical calculations of the matrix element for a wide variety of assumed nuclear interactions 3, 7] .
We can use the e ective-range approximation to illustrate the e ect of invalid input data on the p + p ! d + e + + e cross section. If, as in the Ivanov et al. Lagrangian, the pp e ective range were zero (with all other parameters xed at the experimentally determined values), the cross section would be about 1:5 times higher than the canonical value. If we additionally assumed the scattering length were twice the measured value, then the cross section would be 3 times larger than the standard result. This numerical exercise shows that order-unity errors in a p or p will lead to order-unity errors in the pp reaction rate.
In conclusion, the discrepant results of Ivanov et al. are due (at least in part) to the fact that their assumed pp interaction disagrees with low energy scattering data. Our previous results for a broad range of nuclear interactions show 3, 7] that any calculation which is consistent with the measured low-energy scattering of the pp system and the measured properties of the deuteron will yield a cross section that di ers from the current best-estimate by no more than a few percent. 3 4 We are grateful to C. Callan, E. Henley, P. Krastev, C. Nappi, and S. Treiman for valuable discussions. MK was supported by the D.O.E. grant number DEFG02-92-ER 40699, NASA NAG5-3091, and the Alfred P. Sloan Foundation. JNB was supported by NSF grant #PHY95-13835.
